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Introduction
The evolution of wage inequality in Germany is commonly perceived to approach the dynamics of the U.S. labour market in recent years. The literature on cross-sectional wage and earnings inequality in Germany typically finds that the wage distribution was stable during the 1980s and inequality started to increase in the middle of the 1990s.
1 Moreover, this increase steepens in the 2000s (Gernandt and Pfeiffer, 2007; Müller and Steiner, 2008) . However, a pure crosssectional approach is unable to identify the dynamics of the respective distributions and as such is not very informative about the mechanism determining the changes. A rise in cross-sectional inequality over time might result from an increasing role of temporary shocks or from growing permanent differences in wages and earnings between individuals. Thus, cross-sectional studies are unable to distinguish between "transitory" and "permanent" inequality. From a policy perspective it is however clearly important to disentangle the two sources of inequality, as it greatly affects the role of government interventions applied to mitigate inequality. We apply covariance structure models to longitudinal data from the German Socio-Economic Panel (GSOEP) for the years [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . This allows us to decompose the cross-sectional dispersion into its permanent and transitory elements. Models of this type were used to analyse the wage and earnings structure of the United States (Moffitt and Gottschalk, 2002) , Canada (Baker and Solon, 2003) and the UK (Dickens, 2000) .
2 Using a similar approach, Biewen (2005) analyses the evolution of disposable household income inequality in East-and West-Germany for the years 1990-1998. He finds a slightly decreasing part of permanent variance for WestGermany compared to a strongly increasing part of permanent variance for East-Germany in these years. Daly and Valletta (2008) use a heterogeneous growth model to compare Germany, UK and the USA during the 1990s. For these three countries they find substantial convergence in the permanent and transitory parts of inequality, mainly caused by an increase in permanent inequality in Germany and a decline of permanent inequality in the United States. Burkhauser and Poupore (1997) and Maasoumi and Trede (2001) compare the United States and Germany during the 1980s in terms of permanent and transitory inequality with different approaches. We are however not aware of any study covering the longitudinal dimension of earnings and wage inequality in Germany beyond the year 2000. As the increase in cross-sectional inequality steepens in the 2000s (see, for example, Gernandt and Pfeiffer, 2007) it is important to identify how much of this increase can be attributed to changes in the permanent component.
Our main results are threefold. Firstly, the cross-sectional variance in our sample increasesdepending on the specification-by 20 to 50 percent from 1994 to 2006. Consistent with previous research, our sample shows that the increase is much steeper in the 2000s. In fact, most of the increase occurs between 1999 and 2006, while from 1994 to 1999 the cross-sectional variance remains relatively stable. Secondly, the rise in the cross-sectional variance is accompanied by an increase in the fraction of its permanent part. Interestingly, this increase also shows a break around the years 2000/2001. While the fraction of the permanent inequality increases from 1994 to 2000 and peaks in 2001, it then declines from there on by approximately 20 percentage points. This implies that the strong expansion of cross-sectional inequality during the 2000s can be increasingly attributed to transitory inequality. Finally, we find virtually no difference between the evolution of earnings and wage inequality in the period from 1994 to 2006. This is to a large extent a consequence of our focus on full-time employees, but reflects also a relatively compressed distribution of working hours in Germany compared the United States and the UK (Burton and Phipps, 2007) .
In the following section we describe the dataset we use for our analysis. Section 3 presents the method for separating the permanent and temporary components of the variance. Section 4 provides details on the estimation procedure. We then present and discuss our main results in Section 5 and conclude in Section 6.
Data
The analysis uses data from the German Socio-Economic Panel (GSOEP). The GSOEP is a panel study for Germany, which was started in 1984 as a longitudinal survey of households and individuals in West-Germany and was expanded in 1990 to cover the population of the former East Germany. We use a fully balanced subsample of the GSOEP for the years 1994-2006. Thus, we focus on individuals from the first four samples (A, B, C, and D) of the GSOEP in order to make analyses between any two periods of the time frame comparable. entire period.
4 For these individuals, we analyse monthly gross individual labour income as reported for the month prior to the interview. Earnings are deflated by Consumer Price Index to the base of year 2000. 5 To exclude outliers, the distribution of monthly earnings is truncated at 100 Euros at the low end and 20,000 Euros at the high end. Source: Own calculations using the GSOEP data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
To compute hourly wages, we use reported weekly hours actually worked (including hours of paid overtime) and monthly earnings (including overtime pay).
7 The distribution of the 4 Individuals need to report 'full-time' employment status and weekly hours above 19 to be classified as full-time employees. 5 Note, however, that a deflation of this variable does not affect the analysis of variances later on, since a common factor just alters the level, which in turn does not alter our measure of dispersion. 6 Although the GSOEP is not generally top-coded with respect to the income distribution, it nevertheless includes only a small number of individuals with high incomes in the samples A-D applied here, c.f. Dustmann, Ludsteck, and Schönberg (2007) , Bach, Corneo, and Steiner (2007) as well as Bach, Corneo, and Steiner (2008) . These authors moreover conclude that the GSOEP covers the distribution of market income quite well up to the 99th percentile. Bach, Corneo, and Steiner (2007) also find that a large share of the total market income is actually labour income, in 2001 a share of 83.1 percent on average was wage income and an additional 11.4 percent was income from business activity. We conclude that by analysing labour earnings we capture the main part of market income which is representative for the income distribution in Germany, except for the very rich. 7 In several cases of missings at the hours, namely 191 individual-year observations, generally mean hours by employment status and year are imputed.
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resulting hours worked is censored at 84 hours per week. The resulting hourly wage is then calculated as wage = monthly earnings / (4.35 * weekly hours worked). Table 1 displays some descriptive statistics on monthly earnings and hourly wages in our sample of analysis. Source: Own calculations using the GSOEP data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
Although we use different sets of control variables we keep only those observations which do not have any missing information for the full set of covariates. The restrictions lead to an overall sample of 952 individuals (12,376 individual-year observations). When we restrict the sample only to men we end up with 728 individuals (9,464 individual-year observations). Table 2 displays the number of individual-year observations by gender, nationality, location as well as by age and education groups for our balanced panel on the full sample and for the one restricted to men only.
Modelling the Dynamics of Earnings and Wages
We assume that real log-earnings (log-wages, respectively) can be modelled by
for individuals i = 1, ...N and periods t = 1, ...T , with x it denoting a K ×1-vector of individualspecific characteristics including a time-varying constant, β t denoting a K × 1 time-varying parameter vector, and u it the error term. This model is computed for every t = 1, ...T in two variants. In the first variant, x it ≡ 1, so that log earnings are only regressed on a time-varying constant. In the second variant, x it contains several individual-specific covariates, i.e. logage, log-age-squared, region of residence (East-or West-Germany), years of education in four groups, and gender for the full sample of males and females. For each variant, we decompose the residuals u it into a permanent and a transitory part. Throughout the entire paper we assume that these two parts are uncorrelated, i.e. Cov(µ i , v it ) = 0.
Our simplest model is the "enhanced canonical" permanent-transitory model with yearspecific factor loadings p t and λ t on the two components. It assumes that there is no serial correlation among transitory shocks, i.e Cov(v it , v it−s ) = 0 for s = 0:
Intuitively, x it β t defines the population's mean profile and the term µ i introduces individual heterogeneity, which allows the individuals to deviate from the mean profile. The variance of this individual heterogeneity constitutes the source for permanent inequality and the respective factor loadings allow changes of the permanent component over time.
The variance of the residual of log-earnings (log-wages, respectively) in this model, given independence of the permanent and the transitory component, is:
An increase in either factor loading in period t leads to an increase in the cross-sectional variance of period t. The interpretation of such an increase, however depends crucially on which factor changes. An increase in p t can be interpreted as an increase in the returns to unobserved individual-specific permanent components, e.g. ability. On the contrary, an increase in λ t without an increase in p t can be interpreted as an increase in year-to-year volatility due to short-term factors, such as e.g. temporarily powerful labour unions or demand shocks affecting specific sectors of the economy, without any shifts in the permanent component of earnings.
To remove the implausible assumption that temporary shocks do not have any effect on the following periods, we consider two models for the transitory component. The first model is an AR(1) process. In this case, the transitory part of the residuals is equal to:
In the second model, the transitory component is assumed to follow an ARMA(1,1) process:
i and j and for all t = s, the covariance matrix of residuals is given by:
where p t , p t−s , λ t , and λ t−s are time specific factor loadings and E[v it v it−s ] is equal to:
In Equation (7), σ
is the initial condition for the ARMA-process.
10 In Equation (7), the AR(1) specification is nested with γ = 0.
Summarising, we consider three different specifications:
Specification (S-CAN) is the "enhanced canonical" model with factor loadings. Specification (S-AR) models the transitory component as an AR (1) 
Estimation
The estimation is conducted in two steps.
11 In the first step, we obtain an estimate of u it , which is just the vector of residuals from the regression model Y it = x it β t + u it . From these residuals, we construct an empirical covariance matrix. 12 In the second step, we estimate the parameters of our theoretical covariance matrix by fitting the implications of specifications (S-CAN), (S-AR), and (S-ARMA) to the empirical covariance matrix. Formally, let the vector C collect all distinct elements of the empirical covariance matrix obtained from the first stage. For each specification, we can express the corresponding theoretical moments in Equations (6)- (7) as a function f (θ), where the vector θ collects all parameters 9 See Biewen (2005) for similar specifications in the context of household income. 10 The initial condition is needed for an unbiased estimation of the parameters of the ARMA-process, c.f.
MaCurdy (1982) . 11 C.f. MaCurdy (1982) ; Haider (2001); Biewen (2005) . 12 The covariance matrices for earnings as well as wages can be found in Tables 4 to 11 in the Appendix. 7 which are needed to construct these moments. For example, in specification (S-AR), θ collects the initial variance, as well as the permanent variance, the year-to-year variance, the persistence parameter of the AR(1) process, and the factor loadings for the permanent and transitory components. This results in 27 parameters for specification (S-AR) and 28 for specification (S-ARMA), respectively.
13 The model's parameters are estimated by the generalised method of moments (Chamberlain, 1984) ; that is the estimateθ minimises the distance between the empirical and the theoretical moments:
We follow Baker and Solon (2003) and use the identity matrix as the weighting matrix W . This approach, called "equally weighted minimum distance estimation" (Baker and Solon, 2003) , boils down to using nonlinear least squares to fit f (θ) to C.
Results
The estimation results are compiled in Table 3 . It shows the 27 (28, respectively) parameter estimates for the specifications (S-AR) and (S-ARMA). These results are obtained from the full sample. 14 The distribution of working hours for full-time employees is fairly constant over time. As a consequence, the evolution of earnings dynamics in our sample closely resembles the one for wage dynamics. We therefore focus on the results for wages here.
In specification (S-AR), the variance of the transitory part (σ 2 ε ) for wages is estimated to between one third and two thirds of the permanent variance (σ 2 µ ). Meanwhile, the persistence of transitory shocks is relatively high, with an estimate for ρ of 0.57. This implies that a transitory shock persists roughly for ten years. In specification (S-ARMA), the persistence of transitory shocks is even greater with an estimated ρ of about 0.85. While an estimate for γ of about −0.48 drives back a shock to less then 40 percent after one year, such a shock would still persist for more than 15 years in this case. The evolution of the factor loadings (p t ) suggests that the permanent component becomes increasingly important during the years 1994 to 2001. In line with that, the factor loadings of the transitory part (λ t ) are initially only slightly below unity, then decline continuously until the year 2001, whereupon until 2006, they grow sharply up to slightly above unity.
We can now use Equation (6) and calculate the fraction of the permanent part of the variance from our parameter estimates as (p 2 t ·σ 2 µ ) / var(û it ), where var(û it ) denotes the variance of the 13 Note that p 1994 , λ 1994 and λ 1995 are normalised to unity in order to identify the parameters of the stochastic process. 14 C.f. Notes: See Section 3 for the full list of covariates.
Source: Own calculations using the GSOEP data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
predicted residuals in period t. Figure 1 shows the evolution of this fraction for wages regressed on the full set of covariates for all three specifications. 15 It also includes the cross-sectional variance var(u it ). This pattern is very similar for the other two specifications. Generally, it becomes evident that the evolution of the permanent fraction is more pronounced the more complex the model specification. While the graph for specification (S-CAN) wraps around the graph for (S-AR) with a relatively smooth course, the graph for specification (S-ARMA) depicts a more prominent peak in 2001 as well as a slightly more projecting increase in 2003 to 2005. Moreover, at (S-ARMA), there is a shift in the level of the permanent variance compared to the other specifications. Over all the years, the permanent inequality is estimated to between 10 and 20 percentage points lower than in the other models. This downward shift, however, is not surprising, since the ARMA(1,1) model contains the additional parameter γ, which picks up additional transitory dispersion. these additional regressions, given graphically in Figures 7 and 8 in the Appendix, confirm our findings.
Influence of Individual Characteristics
It becomes evident from Table 3 that controlling for individual characteristics leads to qualitatively similar results as fitting just a constant. Most of the individual characteristics are time-invariant (gender or education) and it is essentially only age and possibly region which vary with time. The importance of controlling for individual characteristics thus primarily lies in accounting for changes in age (which proxies experience) and potentially for changing returns to these characteristics. It is of course not surprising that controlling for these factors reduces the level of dispersion. This follows simply from the fact that the fraction of explained variance from the first stage regression (Section 3) is larger. Figure 2 provides a direct comparison of the two sets of results. The variance after controlling for individual characteristics shrinks by about 20 percentage points. However, apart from this level effect, the same pattern emerges: rising relevance of permanent inequality from 1994 to 2000/2001, followed by a decline thereafter.
Concluding Remarks
There is by now a vast number of studies which document a sharp increase in cross-sectional wage inequality during the 2000s. It is often assumed that this inequality is of a "permanent nature" which in turn is sometimes used in policy discussions as an argument for a greater role of government regulation concerning the determination of wages and earnings. Applying longitudinal data on full-time working individuals in Germany from the GSOEP for the years of 1994 to 2006, we do not find unambiguous empirical support for this position. By decomposing the cross-sectional variance into a permanent and a transitory part, we find that the fraction of permanent inequality in 2006 is greater compared to what it was in 1994. However this fraction is found to have declined by approximately 20 percentage points from 2001 to 2006, at the time of rapidly growing cross-sectional inequality. This implies that from about 2000 onward it is the year-to-year transitory volatility which becomes the increasingly important element of the growing cross-sectional inequality of wages and earnings in Germany.
16
Our results are of course subject to a number of caveats. The analysis is by its nature limited to individuals who can be followed throughout the period we look at. This means that we do not take into account changes in wages of those who did not work at some point during the time frame covered, as well as the new cohorts who came into the labour market since 1995. What reassures the validity of our conclusions is the fact that essentially the same results are obtained on a more restrictive sample excluding women. To further confirm the results obtained here one could consider dividing the analysis into several shorter periods or conducting it on other sub-samples of the population. This, however is left for future research. Notes: See Section 3 for the full list of covariates.
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